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(57) ABSTRACT

A system and methods for life optimal power management of
a distributed or centralized battery network system for use 1n
aircraft functions and subsystems are disclosed. The method
determines power priority of the subsystems, and selectively
distributes power from the battery network system to the
subsystems based on the power priority. Concurrently with
distributing power, the method manages the energy 1n the
battery network system. To determine whether the battery
power 1s sullicient for aircraft functions, the method also
computes and indicates the actual available energy left in the
battery network systems. With this approach, the system and
methods can provide a persistent power supply in the event an
unexpected battery failure occurs, thereby enabling the air-
craft to safely maintain flight operability despite a battery
failure.

500

/
4

/” LIFE OPTIMAL POWER
\_ MANAGMENT PROCESS 4

SELECTIVE
CHARGE/DISCHARGE |
CACH BATTERY BASED ON |
THE SECOND |

COMPUTE AVATLABLE |
ENERGY g

e

502
J'fﬂ;

OBTAIN FIRST

PARAMETERS |

e

DETERMINE POWER
PRIORITY

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
.....................................................................

" OBTAIN INFORMATION |
INDICATIVE OF CAPACITY |
AND HEALTH OF EACH |

507 BATTERY
E 508
: ALLOCATE A B
a BATTERY ;
: im
.| TASK THE BATTERY |
.| BASED ON THE POWER |




Patent Application Publication  Dec. 11, 2008 Sheet 1 of 4 S 2008/0306637 Al

100 104

d d d - d d d d d -
.
-
-
-
. . . . . . r . .. . .
-
-
-
[ ] -
-
-
-
-
-
-
.
-
-
4 . . .y
-
-
. .
-
] o
-
! ] ’ . ! L ! -
-
-
-
o
-
)
O O . O O O O O . O O
EREEER R R R R R R R R R R R R R R R R e R R R R R R E
7 h ok hh b LR R I R N R LN LR NN RN R LR R LRl LR LN E RN EE RN RN Rl N LN LN RN LI IR I B A

106

i‘-

LI B B DO B B O B O DO OB B BN B OO BN BB O DN BN N DB B DR LB OE I DL R D DI DL BN OB

MALN BATIERY

LI DL U BN U UL B O DN BN B O B B DO BN O DL N B O DO I DB O BN EL BN B N DL U DO DB RN B O BN

AFU BATTERY POWER
UPPLY

CEE R B I R BN B M B I DL DR B B I DR IR DEDE IR DR BE DR IR DR I DE D BE B O B IR DE R L B L B I DR NE B B B IO U B B BN B B B I B |
LR B R IE DR IR DE R IR DR BE DR I RN BN B L D U B I DR L BN B N UL DENE B B B B UL DI BE B B N I N B BN N B N U IO B B B B

T

 F o & F d & F F F &

PUWER SUPPLY

r o ok Fk d - F ko dFFF

r ok ok o kkd kA FF
o o r ok F bk FF d S

o+ F F
 r ok o ok d o F ok ko d kP

LR L B IE BE IR DERE IE DR BE BE I DERE BE BN B B L N B BN B B B L DE R BN B L DA B I BN DR B BE I B B IR BEE R BE DL B DAL U L AL B DAL B B )
LB I DR RS B R IR DR I DR DR U B N U D D B B B N I N N B B B N I B I DR B I B N I N B N B N I B N B N B I I I B B

FIG. 1

AIRCRAFT SUBSYSTEMS/FUNCTIONS
KNOWN AND UNPREDICTABLE LOADS)

LR L B I DR IR DERE IR DR B BE I DEEE DR DR BE DR I D B BN B BE B I B NE BE N B B B B UL B D B B B B I BE R B B
L T I T I I A T N e N N R N N N e N N e R N N I ]

ko bk kAR
 r ko F F ko r F F ok kA

L EL I UL I B NN I DR N I B

LI B I BE B M B I B IR DO I R IR DR IR DERE BN B I DR L DR IE DR ML DR IR BE IR RERE IR DE IR DR IR DEDE L DE L DR IE DE D BN B IR B IE DENE DR DR B B UE DR DN BN I BE B B N I N NE B N B B UL DR NE B B BRI IR N B BE
L L I P L P L N I O L P N

L I N B
1iiiiiililiiii-I-lli-l-l-l-lilii-li-l_‘i-|iiii-l-l-|-l-l-l-li-l-|iiiiii-lili-l-i-i-liliiiililiiiiii1iiiiii1iiiii

208~

IFE OPTIMAL POWER MANAGEMENT MODULE WITH |
CENTRALLY LOCATED BATTERY NETWORK
A9 [CrecopTIMAL ENERGY] [ OPTIMAL POWER | B <
SOURCE MANAGEMENT| | DISTRIBUTION MODULE |

MODUL

Tt

"
o ke bk kA Pk ko d kR

iililiiiiiiliiiiii'|iliiiii'!iiliiii!iiiiiiiiliil

-
[ ]

PROCESSING
LOGIC ELEMENT

LI N B IR N N B I U B N BN B B
R R e

-
-I-lili-l-i-ill [ LB B B R N R N R I

o

1 CONTROLLER

L N N B N B N U NN BN B BE N N N I
LI | I.‘I.‘I..I.i‘ 1 % b 4 &

r
o o FFr ko FFd FF ok ko d FkF ok FFd ko

- h ok ohh A h kA
ii;!iiiiiil

r
& o o F
b r o o r ok Fr o ko  F k- d F F ko F o d

o

- 3
LI I I R I RN RN EN R NN NN
4 h kv hh o hhhh o hh hE hE o hh R h LIC U B BN BN B I |
LI B I N I B N B I B I - h bk h k4 khh ok d A hhh o hhd

3
L R R N R N E LN R EEIE NN E N

LRI RN BRI RN EEREELEEENEELEEEREREEEELENENESEEERER-E.]
i-i-iii-liliiiiiiliiiiiih‘iiiiii LI B I B I B I |

.
LI R NI R RN E N RN
L DL U B B B RN BN B IR 1 % b 4 dh A hhhhoE
- h bk 4 sk ks d A 4 b ko h 4 h b hh hhh ko

o

= F kS
d & F bk & F F d F F ko ko d o r b F kb ko F ko d kP ko d o F ko kkd ko kP F

= ko ko

-
-
-
-
-
-
-
-
-
-

-
L]
-
; -
a
L]
-
-
* ] -
L]
L]
-
-
B CRCID
LI ]
L] L]
-|‘i L]
rﬂl Pl Il il L] Pl Pl L Bl L ] L ] il Ml L L - ] il il L il . il Pl L Tl = ] iR il 1

l 2 8 &8 & & & & B

. .
(I I N NI R RN EE RN LR LN LR LR LR LR LR LR N LR REEEELEERENEEEEEEEEENENENEREIEENEENLRR!
LB R I B IE R IR DERE IR BE BE DR BE D JE DR DE DL D B DR I DERE IE BE IR B UL DENE BE DR B B DR B B B B B B I N NE BN B BE B UL NN BN B B N DL B IE NS BE B B B I B B B BE I U RN DL B B B I NOC R B B B IOE B IEC IO BN DO B Db L L DO N BOE B BOE B NOE N DO AL B BOE B BOC B L O B BN 1

ERY N

i

SATTERY 3

BAL

b o o Ak F ok o d ko ko d ko d ko
ko r ok o FFd FF ok ko d ok F ok kd FF ok

o ok ko d F F ok ko d ok F ok ko d ok FFd ko

rwﬂmmnﬂwwm



Patent Application Publication  Dec. 11, 2008 Sheet 2 of 4 US 2008/0306637 Al

ALRCRAFT SUBSYSTEMS /FUNCTIONS
WNOWN AND UNPREDICTABLE LOADS

LR B B B I N I N I N NN NN NN NI NN
L TN T T B BEE B R DAL DL DR I I T T I BN TR I I BN DL N TN TOE DL DA RN T DAL B B BEE BEE B B B BN IR I BN BN BEE NE DEL R BEE BEE K BN T B BEE L B B NEE B B BN BEE JE TN JE BN TNE B DI BN REE TR NEE DEE DN IO DL DL B TEL BN BEE. IEE TEE BN DL TNE R D K DR TEE NEE NEE AL B DK BEE BEE I BN e B IE TN T TN TN D B R B K BN B T N B B B BN B BN AL BEE BEE TOE BN BNL BN NEE K NN BEE AL T NEE DR BEE B BN BN TR BN BEE BEE TR BN BEL B B B B L B )

L I I O R R R A I
[ NN N NN NN NN NN NN

LI I IO IO DN IO O DO DL DN DO BN DN DN DN DO DL DO DO NN DOL DO DO DO DON DO DON DL DL DN BN BN DN BN DN NN DO DN DN DO DO DO NN DN DO DO DO DO DL DN BN BN DN DN BN DN DN DL DON DO DN DO DO DN DON DN DO DO DL DN DL BN BN DN DN BN BN DL DON DN NN DON DN DO DO DO DO DL DO BN DO B DO DL B B DO DO DN DO DO DON UK DON NN NN DO DO DN DO DL DL DL B DO DN DO B DO DON DO DN DO DO DO DON DN DN DN DN O DL DL BN DN DN BN BN DO DN DN DO DO DN DO DO DO DN DO DOL O BN BN BN

LLFE OPTIMAL POWER MANAGEMENT MODULE WITH A
SINGLE BATTERY

UPTIMAL PUWER
DISTRIBUTION MODULE

LIFE-UPTIMAL ENERGY
SUURCE MANAGEMENT
MODULE

-

.

-

AE) '

-

1.

L] -k

4 1

4 & -

4 1.

L ] -k

- -

4 & -

- -

L ] -k

- -

4+ 4 - 4

- -

H 0 - -
4+ 4 - 4

- -

) -

- -

L B | L I |

CIC BC B B N B IC AL B BNE B BNE BEE BEE DA BOE BEE BEE BOE BOE B B B K B IIE NE B DK BEE BNE BNE BEE BEE BEE BEE DL BEE BEE BEE B I B | -
REARREEEEEE R R R R R R A R R R R R R R R R R R R R E R E E R R I I I I : 4
e e . N iil‘
-

-k

-

-

4 4 4 4 4 4 4 & A A hEEdoddod o d o dd o dd o dd o dh AR R R R h A A d A

L B I I B L I L L I D I B D DL I B B B B B B B DL DO DO DOL DL IR DL DL DL DO DR IR B B B B B B B BN BN

IR RN RN N R R e N

ok F F =k kb kb bk =k ko ko ke F kS

LRI IR R R REEEEENEINENEIEIEIEIEAEIEEEE T P U P T e e LR EREEREEEEEEREREEEREEELEELEELELENEEEEREEREEEEEREREEEREELRERLREENENEEEEEER!
R R R R R R R I I N D S N N R N I N I O I R P P P T P T T T T T U U T T D D O N I O D D D D T T T T T O
L EEEEEE R EE EE E E E R R E R EE E E E LR EEEEEEEE EE R E R E E E R R E E R E R

3

ok ko & k& F

-
IR REREREREEREREREREEEEEEEEEEERE R R RN EE L EEE L E R L L E L E R EE R E R E R R R N R EEEEEEE ERE R R R EEEEEEEEEEREEEERERE RN I T R N T
L T T R N R N R R R R R R R R R T T R I T R R T R N R R R R R R R R R R R R R R R R T R R R N R R R R R R R R R R R R R R R R R R R R N R B R R R A R R R R R R R N T T T R R R R R R R R R T T T T R R R R R R I I T RIC RIC R R R R R R R R R T R R R R R R T T RN N R R N R R R R R R N R R
I I I B O B I B N I I I I I I N N I I N I A N A N A I N I N I I N I N N I I I I I I I I I I I I I I I N A A I I N A I N I I I N N N N N N N N N N T N W

IR N RN R R R RN ERE R R R EREEREERERE R R R R R R R R R R NN R R EREEEREEREEREEREERERE R R R R R R R R EREEREEREEREREEENEERE N N NI R NN

4 4 4 4 4 4 4 E

= = F & F & F & F & F & F & F & oF o F F F F - F F & F F F F F F F F F F o o oF F F - - - F & F F F & F F & & F F F o oF F F F - - F & F F & F & F & F & F & F oF oF F F F - - F & F & F F F & F F F & F

LI N I N N B )
L LB N R N R
-

+
[ ]
b o & F F FFF K F FFFF

E - L]
b ] u
L UL I B B BEE B T A R IR TN BEE BN L TNC NEE DR DR TR NEL TN BN DEE DAL B DL TR I I B I B T TEE TN B R R NEL DL DR B DAL DAL I B B DL B TR BN BN TN TNE BEE JE BN BN L AL DR B NEE DL DL TR BEE IR I e B B I L JE T TN N DL RN R T DL B B B BEE B B T R TN TEE JE DL TNE THE DL B B R NEE BEE B TR BEE NEE DR B BEE BN B TNE BN BN TNE TNE T DA BN DN BEE DL BEE B BEE BEE B B BEE TN T B BN T BEE TNE JE TN B B L B BN NEE BEE DR B B BN B I B I

-

L]

-

+

= -

+

-

+

-

L]

-

L]

- H - -

1

-

L]

1‘

LI D RO DAL DAL RO B N L B B B B B DAL DN DN DR I DN B DO DL DO RO DO DA N BN B B N N N D NOE DU DN DL DU RO DO DR DL RO DEE DAL DO RO DO B O B BOE DR B DR IR BN DL BEE DU DR DL DO DO DA NOE BN BN ML B B B B B L DL BN DEE DR DR NEE DEE DR DAL NOE DO DOE IEL ML B B O O IR L DN BN DN IR UL AL BEE DO DAL DO RO DA BOE AL BN B DL O B DR L DEN DR DR NN R DEE DU NEE DO DO DA AR N BN BEC B N B B N N BN BN BN BN DO DL DR DO DA DA BRE R B B B B
L B B N N B N D D N B B B B B B B B B N N B R B B B D B B B N B B B B B I N B B R B B R B B B B B N B N B B B B I I R B B N B B D D B D B B B B B B B B R N B B B B B B B B D B N B B B B B B I B D R B D D B D D N B N B B L B B B B B B T IAE I L IO IO I L AL IO I IR B I B B B B B B I I B TEE B I 1

4 b 4 b oh ok ok EhEkm o Edmd d o h ok d h A R R R A d o d h hhh o h kR R R o h ko h E o d ko hh kR e e h ok d kR R Rl e d h o h h kR R el h ko h h ok ko hd ks Rk R e e e d o d ko h kR R

FiG. 3



Patent Application Publication  Dec. 11, 2008 Sheet 3 of 4 S 2008/0306637 Al

AIRCRAFT SUBSYSTEMS/FUNCTIGNS
CNOWN AND UNPREDICTABLE LOADS)

4

LI B I DR I B A B A B I DR B R I B I B I R R B B A B I B I DR I B B B I B DR ML B I B I DR ER DR BE B I B I B D I B AL B I B I R B B I B L B I DR I B I B I B I R IR B A B I B I DR I B I B I DD DR R I B B B I B R I B IR B IR BE IE DR IR DR L DR I BE IR DE D DR BE BE B I B L DR DL BN B B B I B I BN B B BE I B I B B |
ok h h ok h h A vk h kb A R bk hh kA hh hh hh ke Ry h b h kb hd vk hd h kb kA R b bRk hhh ek b A R hhhhhh y h ke h ke R v h kb h ke kb h A R bk kR Rk h R

b~ '

-
-
-
.
-
.
-
-
-
-
-
-

LIFE OPTIMAL POWER MANAGEMENT MODULE WIT
JISTRIBUTED BATTERY NETWORK

-
-
L]
L]
-
-
s
L]
-
-
L]

| LIFE-OPTIMAL ENERGYY | OPTIMAL POWER | -
 SOURCE MANAGEMENT{ | DISTRIBUTION MODULE |
MGDULE g g

13— |

a4 a2 oaa

LI

b1 PROCESSING g
LOGIC ELEMEN

a

-
ok ko ke ko ko ko ko F ko kb ko k kkd kb

b ko d o F ko ko d ok F ko F ok

4
4
4
4
4
4

ko ko #
ko d ko

-
ii
-

-
-
-
-
L]
-
-
-
-
-
L]
-
-
3
-
l‘i
-
L]
-
L
-
-
-
-
-
L]
-
L]
-
-
-
-
-
-ii
L]
-
-
-
-
-
-
-
L]
-
L]
-
-
-
-

0 0 ]
TR AR R R R R AR R
A e e T e e T e e T s e T N e Y e M -
] -
] Tu
.
4 -
] k)
.
- ] -
.
- 4 -
- .
P, . "
.
- ] -
- .
- .
-
O " O O O ] - . O O ™y
MEREERE R T T e T e e e e Ak ok h ok on ko ko ko 4 hon kh ko ko 4k b ohh ko ohoh d ok bk ohh hoh hohd kb ok ok hoh o hohow kb ohh ok ok koo ok ok
B R R R R R E R R R R E R E R I R E R R E R R R E R IEEE AR R R R R E N E R E R IRER R R R R E N E R E

ok ko ko d ko ko Fkkd FF

D ] " O
KR I EEEEEEEERER 4 4 LI I EEREREEENEER]
R ] R I I N . e e T e e T e T T e e T T T T
- - .
'i.'i LI
]
N .
.
LR ]
[ ]
-k
.
- .
.
LR ]
.
LI
i.i
=x =3 EEE ExE O == = =3 Exw = O == == =3 Exn = O == = =3 Exn = I - = == x Ex3 = o O = = Exa ExE o O = e Exa ExE o= R = e Exa Exn o= W
H .
N i
.
LI
. [ ]
I?I -k
[ ]
- .
.
; LI ]
.
'] .
o L .
.
[ ]
i
[ ]
LI ]
.
-
.
- ‘i‘
" - -k
- - - - [ ]
LI ] LI - - LI ]
. . . . W " .
LI ] LI - - LI ]
. - - - - .
L LR . ., L e
.k -4 - - -k
- - - - [ ]
e ata a . s
- - 4 - .
LI ] LI - - LI ]
! - ! - k - k X - .
P - - - -
- - - -
.k -4 - - -k
. ot Wt 't -k
.
EEEEEEEEEEELIEE EEEE L N O E I R EREEEEEEEEIEE O E EEECEE LR EEEEEEEEEE I EEEEE R N T E IR EEEEEEE I R EE EE LI EE T EEEE R
LI B B ) - LI BT B N B I UK B | - L N UL B B A B B B B K ) 4 b h o hh - 4 b A 4 b b h hh - L EE B B B I ) - L B N B B U I U B B B LI ]
et L ST O T R N S N B R S e N S R S N S I S A S e e _‘ T TN N S N e ] T T T R R N e ] T
-
. -k
- .
H 4
ata
" . " " - - . " "
-
-
-
-
- .
a
LI ]
-
LI
. . w . . " . . . . . u .
] - .
L LW L .
LI - - LI ]
- . -
A N N N i
- - -
-4 4 - 4
- - -
- - - -
- - H -
LI - - LI ]
- : -
LI - - LI ]
- - -
-4 4 LY - .
- - -
-4 - - -k
L] L] L] L] - L] L] LR ] L] L] L] LI
e e e s e e e e R N T e N e e e e e e e e e R N e e i et e e e s e e e e s e N N e e e e e e e T N e e e e i ::
i N i Y
-

F & & & o &k & r o F k& & & &k r & F FF ki

.
"
L
.
.
"
"
.
.
"
"
"
.
.
"
b
L]
.
L L
.
-
b
b
L]
"
-
.
W
-
L Lo [~ ] ] L] L] L~ L [~ T L] L] L= L ] T L] L~ L L, W T L] Ml .
"
.
L]
.
-
I A .
LY
aty
.
L]
"
4 4
' N
"
LY
.
aw
.
44
"
-
"
LY
a "
LI
- .
44
. "
LY
* W
- b
4k
- .
s
- .
LY
- "
-
- b
o T T R R R R i R A A T A A e R T e N N T ] R T R R R S A T i e A A o A e A R S e A N T R R R R R T A N ‘I.‘
MEREEREREENAR K] EEEA R EE ERE R ER R IR ERE R E R R E R R R R E A E E R EEE I ERERXER] L]
I EEEEEE - - .
LY
. .
LY
- b
- e
L]
-
.
b L]
-
-
"
1 - -
- -
- -
- -
Ty ) )
- -
L -
. . .
- -
- -
-
L] 't
- -
- -
" a
- -
- R
2w 2w i1EawTEIERTATAIATITATAATAATATAL AT AT AT R R R WE W T 21w 1w TR AIATAIAAATAATAT AT IATITT AT AR AT R M AW
I EREEEEEE R R R R R E EE A R E R E E R E R E E E E R E ] IR R EEEEE I E E R E R E EE R E E R E E E EE A E E E E E E ]
i 4 h h kv hh h kb k4 h vk h hh ok k4 bk hch k4 h ok hh kA 4 4 h h vk ok hh h k4 ko hh ko hh 4 kv hh ok h ki kb hh ko kA

LI BE I B I BN B DL I B I B DL BN B B DL B B B B B | 4 4 h ok LEE DR DR BE B DL L UL BN B N B B B B I BB | LI B I B B N B B I ) LU L BERE B B L B IR B | LR BE R BE B N B B LIC B B B B BN BN B B B B BE B B B
PR R B R R E B E SRR EE EE EE . R EEE R LRk - B R B R B E B E . R E EEEET R . R E R L L E B E B R EE T EEEEEEREE I EE R LR L . b E LB E R EE R E E L EEELE . EEELE R

UL IE N I BEEE BN B L B B B B N B ) LI B I EE IE BERE I B ML DL IE B IR DR B BN B DL B B B U BB IR BN 1
Lk - E E LR L E REE . B E B EEELEL . kL EEEET E . kR EE EE I EEEE LR ER T

FIG.



Patent Application Publication  Dec. 11, 2008 Sheet 4 of 4 S 2008/0306637 Al

IFE OFTIMAL POWER

AGMENT PRUCENS

[ ]
LR I I R I R IR N B I N R I R I I B I I B I B DR I DR IR D B IR L DD B DR I B B I BE B IE B DR DR B DERE I B B I B DR DR B IR B B N I B 1
Py T T o o T L T e T S T o A i [y + a O T A e e e R N I I L
4 4k h v hh hhh ok d hE ok - h ko h A 4 d v ok kb h ok hd hh vk h h o hh bk hd hh vy h Ak hh Ak hd hh ok

i
L) -
-
-
-
-
-
-
-
N
-
-
-
-
-
4
a
-
-
N
-
I
-
-
4
I
-
-
-
. § e LEN XN - e s s . g . P —— oy g . xx = = gy . ; -
! I
-
N
-
I
E -
-
-
i .
4 y *
-
-
'_F' .
I
- ) -
-
- -
-
-
: i
- -
B -
i - ) -
- - - -
- s
g - ; - - 4
N -
" a a .
N [}
- - " K I
- - - -
N L} -
. . . N
N [}
W - - 4
- - - -
Tu - ,* e -
) . "
- - e 4
K - - 4
N -
" a a .
N [}
- - - -
- -
- - - -
L "N "R I T R R N R R U R R U R T R R R R T R R U R R R R SRR "N "R SR U R R R SR Y [ L U T L [ Y II-I.-I.‘I- [} CO R T R R R "R UREERE "R SR SR U R R SR R T | [ N R U R T D SR R T N ) [ CE " N R "R U R TR U R R B CRE T N e I.I-ilu =
MR I T T I T T D T T T T T I I I B ERE AR AR I T T T I T T T T D T T D I T T T T T D I e .
I
-
-
4
-
-
-
-
-
g R
-
N
4
; .
-
&
-
-
i 4
.
-
- -
-
. -
I .
- - -
o
- - - I
o LY
- - - -
. N
" i - - -
N - - e 4
K - - -
[] - -
e i - ) -
- - - -
- s
- - - -
N -
- - - -
N [}
f H - - . -
- - - -
N
Ve . . N
N [}
- - '] - -
H - "a - '] s -
N .
- - - -
f . s
i - - -
- - O O O O O O - -
K e e e e e e e e e s e e e s e e 4
.'J- -
N
- -
K -
N
Ve N
N
- -
3 | | * :
e . -
N
- -
N
- 4
I K -
N
! - -
o
- -
K kY
N
- -
N
J' - I
- -
N
Ve N
! W 4
- A -
- -
i J -
- -
; .
L .
-
- -
-
-
PR, . . . . -
- -
N
- - I
- "I -
! - : " .. - -
- - 4
] n ] -
- - -
A . :
l - ) -
- - -
s
! ! - - -
-
- - -
- r r [}
- - I
N
- - -
"t..‘ .
. . N
[}
- - 4
: N
b - - -
- .
N - - -
! . ) X
N - - -
- - -
- ) 4
- -
o - x I
i - - - -
f"’ K - - -
llf N -
- a a a
N .
- - K -
- - r r - I
o -
Ve . . N
N
- - - -
N
H - - - 4
N .
- - - -
, : :
i - ) -
- - - -
K - 2 g 2 g 2 g ) kY
I N AR T T I I I T I I T I T e
- S T L T L L L L T L L L L L L L T T T T L T L T wa L L L L A L T T e -
N
- i I
- -
L "N "R R PN TR R | LR " " "R U R T R R R T L T R R U R R R R SRR N YR SR N R TR R TR - L U "R R R [ Y II-I.-I.‘I- =
MR EEEEE R A R R R I A R I
B L L R R R R R R R I L E R EE R RN E R E R IR 4
-
-
-
l_-' i Pl L' T [ = =] [= =] E L el Pl L Y ¥ ] ML Pl Pl L = = [ = & ] [ ] L Pl | = "] -
EEN [+ % ] I ] [ 3 %] By [+ 1] EFETE TR k= [ & %] [ [ = & ] [+ k] RN M 3 EFr EFEN L ﬂ "
B .
-
. -
a
H .
I
. N
= .
4
-
-
= .
H .
wa -
.
A - - I
e a
N -
. . . . . - N
bk hh ok h kA h kv ok kb ok ch ok d hh 1 h kb hh ok hhh 4k kv hh bk ch ki hh oy ko bk hh ok h k4 hh v hh bk hhd ko - . 4
- - X -
. - g - -
. : L Y
- - - -
':i N - .
‘- N - H - [] i-i kY
E K - - 4
[] N -
o - - - aw x I
- - - -
- -
- - - -
N -
- a a a
N . .
- - K -
- - - I
o -
Ve . . N
N -
- - - -
N L -
% - - - . 4
. N .
- - - -
N -
. e N R R R R R I R R R R N R R R R R R I R R R R R R R R I R R N R RO RO I I I N O *
.. MR EE A E I EE I R R -
e R O e N A T e R B T kY
: .
I
-
N
4
-
-
-
-
4
I
D D D 0 D
-
-
a
B .
I
N
K .
E - 1 4
-
- -
. -
- h -
- -
-
- - -
[}
- !\. - I
.
- - -
-
. . N
[}
- - 4
N
- L - -
.
- - -
H : E
- - -
- - L] - -
- 4 :i 4
- = = - ! = x I
- - -
- - -
-
a a a
.
- - -
N
- x I
. . N
n -
- " - -
- - 4
- N - -
E - : : - -
- - -
- - . -
4 ko hoh kohoh ok ko 4 chohon hokh b hchoh d kk o hokh hohh ok ok ohh d koo ko b ohohohd ok k o choh hohchh hohkhd koo hh b
. A R T L T A T T T T L L T L T T T L T L T L T L L L L L L L T T T T L T N - -
E R E AR AR A R E A R R R E A R AR R R R A R R R R A A TN .
-
N
4
D [ - = = =] E R Ly [ = -] - = -] - . L L - =] [ -, = ] L = ] [ = - L= = [° - =] j "
-
-
-
4
I
-
-

FiG. 5



US 2008/0306637 Al

BATTERY NETWORK SYSTEM WITH
LIFE-OPTIMAL POWER MANAGEMENT
AND OPERATING METHODS THEREOFK

TECHNICAL FIELD

[0001] Embodiments of the present disclosure relate gen-
erally to aircrait power supply systems, and more particularly
to aircrait battery power supply systems.

BACKGROUND

[0002] Existing battery implementations and power archi-
tectures in modern aircrait applications are limiting the opti-
mization of aircrait power system designs as well as directly
alfecting aircrait operation efliciency because of the follow-
ing shortcomings: reduced functionality when an unsched-
uled battery failure occurs; the mability to skip an unsched-
uled maintenance event when a battery failure occurs; and the
inability to allocate electrical loads and recharging profiles 1n
a manner that extends the useful life of the battery system.
Unexpected battery failures are a considerable economic
issue 1n the aviation business because they may cause
unscheduled maintenance, which may further lead to
unscheduled operational delays requiring additional logistic
support with unexpected related costs.

[0003] Existing aircraft designs are based on battery imple-
mentations/architectures that are unable to provide full and
ordinary operability during an unscheduled battery failure.
Furthermore, there 1s currently no battery/power architecture
in an aircraft application that provides the ability to maintain
operation when an unexpected battery failure occurs.

[0004] It 1s therefore desirable to have a battery power
management system to optimally manage and distribute bat-
tery power supply so that the aircraft functions/subsystems
can selectively be given battery power as needed. It 1s also
desirable to enable flight operability even in the event an
unexpected battery failure occurs. Other desirable features
and characteristics, such as optimally maximizing the battery
life to provide persistent battery power supply for flight oper-
ability will become apparent from the subsequent detailed
description and the appended claims, taken 1n conjunction
with the accompanying drawings and the foregoing technical

field and background.

BRIEF SUMMARY

[0005] A system and methods for life-optimal power man-
agement of a distributed or centralized battery network sys-
tem for use 1n aircraft functions/subsystems are disclosed.
The method determines power priority of the subsystems, and
selectively distributes power from the battery network system
to the subsystems based on a power priority. Concurrently
with distributing power, the method manages/controls the
energy 1n electrical energy storage devices in the battery
network system. Additionally, the method computes and 1ndi-
cates remaining energy in the battery network system.
[0006] A method according to a first embodiment deter-
mines power priority of the subsystems/functions based on
functional criticality of each of the subsystems/functions. The
method then selectively distributes power from the electrical
energy storage devices to the subsystems based on the power
priority. Concurrently with determining power priority, the
method manages the electrical energy storage devices based
on the operating status (health) of the electrical energy stor-
age devices.
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[0007] A method according to a second embodiment deter-
mines first parameters related to functional criticality of the
subsystems (e.g., specific function of each of the subsystems,
forecasted power requirement for operating each of the sub-
systems, and sequence of operation of the subsystems), deter-
mines the power priority of the subsystems based on the first
parameters, and selectively tasks batteries to provide power to
the subsystems based on the power priority ol the subsystems.
Concurrently with determiming the first parameters, the
method monitors second parameters related to operating sta-
tus of each of the batteries (e.g., a charging/discharging rate,
a relative discharging rate, and a remaining life of each bat-
tery) and selectively charges/recharges the batteries based on
the second parameters, 1f needed. To determine whether the
battery power 1s suificient for aircrait functions (1.e., dis-
patching), the method also determines and indicates an actual
available energy left 1n the battery system. Determination of
available energy 1s computed using information provided by
battery controllers, or data provided by battery sensors.

[0008] An embodiment of a system described herein com-

prises battery networks (e.g., electrical energy storage
devices), and an optimal power distribution module having a
processing logic element coupled to the electrical energy
storage devices. The processing logic element 1s configured
to selectively distribute power from the electrical energy stor-
age devices to the subsystems based on the power priority of
the subsystems. In this regard, the processing logic element
determines power priority of the subsystems based on func-
tional criticality parameters of the subsystems, allocates the
clectrical energy storage devices with suilicient capacity that
can supply power to the subsystems, and tasks the electrical
energy storage devices to provide power to the subsystems.
The system also includes an optimal electrical energy source
management module which has a controller coupled to and
configured to manage/control the electrical energy storage
devices. In this regard, the controller monitors operating sta-
tus parameters of the electrical energy storage devices, and
selectively charges/discharges the electrical energy storage
devices. To determine whether the battery power 1s suificient
for aircrait functions (1.e., dispatching), the controller also
computes and indicates an actual remaining useful energy leit
in the batteries.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] A more complete understanding of the present dis-
closure may be derived by referring to the detailed description
and claims when considered 1n conjunction with the follow-
ing figures, wherein like reference numbers refer to similar
clements throughout the figures.

[0010] FIG. 1 1s a schematic representation of a stmplified
typical battery power supply architecture of an aircratft;

[0011] FIG. 2 1s a schematic representation of a power
management system with a centrally located battery network
system for an aircraft;

[0012] FIG. 3 1s a schematic representation of a power
management system with a single battery for an aircratt;

[0013] FIG. 4 1s a schematic representation of a power
management system with a distributed battery network archi-
tecture for an aircraft; and

[0014] FIG. 5 1s a flowchart 1llustrating a power manage-
ment process for an aircratt.
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DETAILED DESCRIPTION

[0015] The following detailed description 1s merely 1llus-
trative 1n nature and 1s not intended to limit the embodiments
of the disclosure or the application and uses of such embodi-
ments. Furthermore, there 1s no embodiment of the disclosure
to be bound by any expressed or implied theory presented in
the preceding technical field, background, brief summary or
the following detailed description.

[0016] Embodiments of the disclosure may be described
herein 1n terms of functional and/or logical block components
and various processing steps. It should be appreciated that
such block components may be realized by any number of
hardware, software, and/or firmware components configured
to perform the specified functions. For example, an embodi-
ment of the disclosure may employ various integrated circuit
components, digital signal processing elements, logic ele-
ments, look-up tables, or the like, which may carry out a
variety of functions under the control of one or more micro-
processors or other control devices. In addition, those skilled
in the art will appreciate that embodiments of the present
disclosure may be practiced in conjunction with any number
of power system and/or aircrait configurations, and that the
system described herein 1s merely one example embodiment
of the disclosure.

[0017] For the sake of brevity, conventional techmques and
components related to signal processing, aircrait battery
power systems and control, and other functional aspects of
the systems and the individual operating components of the
systems may not be described 1n detail herein. Furthermore,
the connecting lines shown 1n the various figures contained
herein are intended to represent example functional relation-
ships and/or physical couplings between the various ele-
ments. It should be noted that many alternative or additional
functional relationships or physical connections may be
present 1n an embodiment of the disclosure.

[0018] The following description refers to elements or
nodes or features being “connected” or “coupled” together.
As used herein, unless expressly stated otherwise, “con-
nected” means that one element/node/feature 1s directly
joined to or directly communicates with another element/
node/feature, and not necessarily mechanically. Likewise,
unless expressly stated otherwise, “coupled” means that one
clement/node/feature 1s directly or indirectly joined to or
directly or indirectly communicates with another element/
node/feature, and not necessarily mechanically. Thus,
although the schematics shown in the figures depict example
arrangements ol elements, additional intervening elements,
devices, features, or components may be present in an
embodiment of the disclosure (assuming that the functional-
ity of the system 1s not adversely atfected).

[0019] The embodiments described herein relate to a power
management system with a battery network system for an
aircraft. The power management system may be referred to as
a “life-optimal”™ system because 1t extends life optimally for
cach battery and distributes persistent battery power supply in
an event where an unexpected battery failure occurs. In this
context, the power management techmques described here
are applicable to provide persistent battery power for the
operation of aircraft systems and subsystems that depend on
a battery supply. The embodiments described herein are not
limited to such aircraft applications, and the techniques
described herein may also be utilized 1n other applications.
[0020] FIG. 1 1s a schematic representation of a simplified
typical existing battery power supply architecture 100 for an
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aircraft. The typical existing battery power supply architec-
ture 100 includes: aircraft subsystems/functions 104, an aux-
iliary power unit (APU) battery power supply 106 coupled to
the aircraft subsystems/functions 104, and a main battery
power supply 108 coupled to the aircraft subsystems 104. The
aircraft functions 104 include known and unknown loads
such as, without limitation, standby emergency loads, flight
controls, emergency lighting, APU starting, data and voice
recorder system, and electric brakes. The battery power sup-
plies 106/108 are typically dedicated to power specific air-
craft functions and operate with an assumed capacity.

[0021] Capacity 1s an amount of current a fully charged
battery can supply for a given period of time without having
the terminal voltage fall below a certain voltage at a given
temperature. Battery capacity refers to the total amount of
energy stored within a battery. Rated capacity 1s in ampere-
hours (amp-hour), which 1s the product of the current times
the number of hours to total discharge. There are a number of
factors that dictate the capacity of a given battery, for
example: size (the volume and plate area of a battery
increases with capacity); temperature (as a battery gets colder
its capacity decreases); cut oil voltage (to prevent damage,
the cut-oif voltage should be limited to a certain voltage);
discharge rate (this 1s the rate of discharge, measured 1n
amperes—as the discharge rate goes up, the capacity goes
down); and history (deep discharging, excessive cycling, age,
over charging, and under charging all reduce capacity).

[0022] If the battery power supplies 106/108 fail (e.g., the
assumed capacity 1s not enough to power the specific aircrait
function) their respective aircrait functions 104 may be
unable to maintain operability. As used herein, an “assumed
capacity” 1s a minimum or nominal capacity that 1s specified
by the manufacturer, vendor, certification body, or testing
agency. The assumed capacity may be based on a rated capac-
ity (amp-hour) established by the battery council interna-
tional (BCI). The assumed capacity may therefore be insui-
ficient to power the intended aircrait function(s) 104 since
batteries may lose capacity for the reasons explained above.

[0023] For example, the APU battery power supply 106 1s
primarily a power source dedicated to start an APU turbine
(which 1s used to start the aircraft engine) when no other
power source 1s available to do so. The APU battery power
supply 106 may also be utilized to supplement the main
battery power supply 108 for such things such as extended-
range twin-engine operations (ETOPS), and to increase tow-
ing time on battery-only power. Thus 1t the APU battery
power supply 106 fails (e.g., because of a lack of suificient
battery capacity to power the aircrait systems), then the
respective subsystems (e.g., the APU start function) will be
unable to maintain operability.

[0024] The main battery power supply 108 1s the primary
backup power source/electrical energy storage device for the
aircraft. It 1s typically dedicated to, for example: special on-
ground operations such as towing, various ground tests when
no other airplane power 1s available, powering essential
equipment until other power sources (e.g., APU or ram air
turbine) can be turned on, and keeping essential equipment
powered when other power sources have been removed, have
been disabled, or have failed, such as during loss of AC power
or engine generators. The main battery power supply 108 may
also be dedicated to support special functions such as being a
backup power source for an uninterruptible power supply for
the tlight controls and the fill-in/backup power source for the
clectric brakes. Thus, 1f the main battery power supply 108
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fails (1.e., has a lack of battery capacity), then the respective
subsystems are unable to maintain operability.

[0025] In summary, the existing battery power supply
architecture 1n aircraft applications are limiting the optimiza-
tion of aircraft power system designs as well as directly
alfecting aircraft operability because of the 1inability to main-
tain operability when an unscheduled battery failure occurs.

[0026] The embodiments described below provide a life-
optimal power management system with a battery network
architecture thatis fully independent of (1.e., not dedicated to)
member subsystems and load specific functions where the
state of battery capacity 1s known (1.e., not assumed, as com-
pared to the typical existing architecture 100). The life-opti-
mal power management described herein provides an ability
to maintain operability when an unscheduled battery failure
occurs by optimally allocating and tasking (1.e., commanding
to provide power) the batteries so that the aircraft functions
104 can be given power priority based on their specific power
requirements and sequence of operations. Additionally, the
life-optimal power management scheme provides the capa-
bility to selectively charge/discharge each battery to maxi-
mize the life of each battery and to bypass a failed battery. In
this regard, a battery network system can provide persistent
power supply 1n the event an unexpected battery failure
occurs, thereby enabling the aircrait to maintain operability
(e.g., dispatch) in spite of partial battery failure. The disclosed
embodiments include a life-optimal power management sys-
tem with a battery network that utilizes either a centrally
located or distributed battery network architecture.

[0027] FIG.21s aschematic representation of a life-optimal
power management system 200 with centrally located battery
network architecture suitable for aircraft operations. System
200 can be applied to any number of battery network configu-
rations for an aircraft, and system 200 1s depicted in a generic
manner to illustrate 1ts deployment flexibility. In this
example, the system 200 may include a centralized power
management module 208 and a centrally located battery net-
work system 218. These terms are used herein for conve-
nience of description and are not intended to limait or restrict
the scope or application of the disclosure in any way. In
practice, system 200 selectively distributes power from the
centrally located battery network system 218 to aircraft func-
tions 204 (which may be configured and/or realized as
explained above), manages/controls the energy in the cen-
trally located battery network system 218, and determines
what combination of batteries in the centrally located battery
network system 218 are suilicient for aircrait operations such
as dispatch (takeotl, cruise, and landing) as explained below.
Power management module 208 may include an energy
source management module 210 having a controller 214, and
a power distribution module 212 having a processing logic
clement 216.

[0028] Inapractical deployment, power management mod-
ule 208 can be realized as a computer, located anywhere
on-board the aircrait suitable for operation with system 200.
For example, without limitation, power management module
208 may be located 1n a nose of aircraft, and the like. The
power management module 208 may supply power to the
aircraft function 204 via a battery power bus 206.

[0029] Controller 214 1s configured to manage/control the
centralized battery network system 218 1n accordance with
embodiments described herein. The controller 214 may be
implemented, without limitation, as part of an aircrait com-
puting module, a centralized aircraft processor, a subsystem
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computing module devoted to the life optimal power man-
agement arrangement, or the like. The controller 214 may
generally be a software-controlled device. In operation, the
controller 214 recerves signals indicative of operating status
parameters from the centralized battery network system 218
via sensors and processors 1n the batteries (not shown 1n FIG.
2).

[0030] Battery capacity for a given size battery, as
explained above, depends on temperature, cut off voltage,
charge/discharge and the like, and health of the battery
depends on the battery capacity relative to its mnitial specifi-
cation. In this regard, the operating status parameters may
indicate, for example, the current percentage of the assumed
(specified) capacity for the battery or battery network. The
maximum actual capacity (health) of a battery 1s determined
by measuring voltage, current, and temperature measure-
ments during charge and discharge cycles, and comparing
those measurements to data sets known to represent various
levels of health. Based on the recetved signals, the controller
214 determines whether a specific battery will be replenished
(charged) or used (discharged) at an optimal rate. Under
normal conditions, controller 214 communicates with each of
the batteries in the centrally located battery network system
218 over an 1ntra battery network 220 and cooperates with
individual battery sensors and processors/controller (not
shown 1n FI1G. 2) to coordinate battery monitoring and control
operation. For example, the controller 214 monitors battery
parameters such as potential, current, voltage and tempera-
ture for each of the batteries 1 the centrally located battery
network system 218 by obtaining the battery parameters from
cach of the battery sensors and processors, and the controller

214 determines from the battery parameters a state of health
and available capacity for each battery.

[0031] Theprocessing logic element 216 may be coupled to
the controller 214 and 1s configured to control the selective
distribution of power from the batteries 1n the centralized
battery network system 218 to the aircraft functions 204
based on the power priority of the aircraft functions 204 and
the available capacity of each of the batteries. For example,
having enough battery power to operate the electric brake 1s
high priority, while providing phone services for the passen-
gers may be of low priority. Processing logic element 216
may 1nclude any number of distinct processing modules or
components that are configured to perform the tasks, pro-
cesses, and operations described 1 more detail herein.
Although only one processing block i1s shown in FIG. 2, a
practical implementation may utilize any number of distinct
physical and/or logical processors, which may be dispersed
throughout system 200. In practice, the processing logic ele-
ment 216 may be implemented or performed, without limita-
tion, with a general purpose processor, a content addressable
memory, a digital signal processor, an application specific
integrated circuit, a field programmable gate array, any suit-
able programmable logic device, discrete gate or transistor
logic, discrete hardware components, or any combination
thereol, designed to perform the functions described herein.
A processor may be realized as a microprocessor, a controller,
a microcontroller, or a state machine. A processor may also be
implemented as a combination of computing devices, e.g., a
combination of a digital signal processor and a microproces-
sor, a plurality of microprocessors, one or more microproces-
sors 1n conjunction with a digital signal processor core, or any
other such configuration.
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[0032] Centrally located battery network system 218 1is
configured to store electrical energy and supply power to the
aircraft functions 204 as explained in the context of FIG. 5
below. The centrally located battery network system 218 may
include one to more than one, (1-N) batteries configured 1n
any arrangement to achieve a desired voltage and current
rating suitable for operation with the system 200. Alterna-
tively, as shown 1n FIG. 3, a life-optimal power management
module 302 may include one battery 304. However using
multiple batteries provides for increased design flexibility
and ease of maintenance. Batteries 1-N may be any battery
type known 1n the art, such as, without limitation, lithium-ion,
nickel-metal-hydride, nickel-cadmium, and the like. In
another embodiment, a distributed battery network may be
used. A distributed network approach generally provides
additional design flexibility compared to a centrally located
battery network system 218.

[0033] FIG. 4 shows alife-optimal power management sys-
tem 400 with a battery network distributed among various
locations 1n an aircrait according to another system embodi-
ment. The system 400 described herein can be applied to any
number of battery network configurations for an aircraft, and
system 400 1s depicted 1n a generic manner to illustrate 1ts
deployment flexibility. In this example, the system 400 may
include: a power management module 408, and a battery
network system 414 distributed among various locations.
These terms are used herein for convenience of description
and are not intended to limait or restrict the scope or applica-
tion of the disclosure 1n any way. System 400 may share
common features with system 200-300 and may have a struc-
ture that 1s similar to system 200-300. Accordingly, the con-
figuration and operation of these components will not be
redundantly described herein.

[0034] Battery network system 414 1s coupled to the power
management module 408, and 1s configured to store electrical
energy and supply power to the aircrait functions 404. The
distributed battery network system 414 may include any num-
ber of battery networks distributed among various locations
arranged 1n any configuration to achieve a desired voltage and
current rating suitable for operation with the system 400. For
example, a distributed battery network system may involve
connecting a number of self-contained energy storage devices
together 1 series and/or a parallel arrangement. The distrib-
uted battery network system 414 may include: a battery net-
work A coupled to a battery network B, and a battery network
C coupled to the battery network A-B. Each battery network
A-C may include any number of batteries connected in series
and/or parallel arrangement to achieve a desired voltage and
current rating. For example, as shown in FIG. 4, battery
networks A-C each may include batteries A -A,,, B,-B, , and
C,-C, receptively, where N, M, and L. may be any number
suitable for operation with system 400.

[0035] Both the distributed battery network system 414 and
the centrally located battery network system 218 provide a
suificient number of batteries (battery redundancy) to provide
persistent battery power to aircrait functions 404/204 in spite
of a battery failure/a partial battery failure. However, the
centrally located battery network system 218 generally pro-
vides additional ease of maintenance (since the batteries are
located 1n proximity of each other). Compared to battery
network systems 218/414, the life-optimal power manage-
ment module 302 with one battery 304 generally provides
improvement 1n size, weight, and cost of the battery since the
batteries are consolidated 1n to a single battery. Depending on
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aircraft design characteristics and operational requirements,
cither battery network systems 218/414, or the battery 304
may be suitably utilized to optimally manage and distribute
battery power to aircraft functions 404/204 as described
herein.

[0036] FIG. 5 1s a flow chart illustrating a power manage-
ment process 500 for an aircraft according to an example
embodiment of the disclosure. Process 500 selectively dis-
tributes power from the electrical energy storage devices to
the aircrait subsystems so that the subsystems can be given
power based on their functional criticality. As used here,
“functional criticality” represents the relative importance of a
given subsystem for normal operation of the aircrait and to
meet regulatory requirements. For example, without limita-
tion, APU start power has relatively little functional critical-
ity, while the electric brake system has relatively significant
functional criticality. As another example, without limitation,
the ground battery power may be important for 1ignition power
to allow for engine start, while providing power to the tlight
deck clock may be of low prionty. Process 500 also manages
the electrical energy storage devices to provide a persistent
power supply 1n an event an unexpected battery failure
occurs, and thereby enables the aircraft to maintain flight
operability even 1f a battery failure occurs. The various tasks
performed 1n connection with process 300 may be performed
by software, hardware, firmware, or any combination thereof.
It should be appreciated that process 500 may include any
number of additional or alternative tasks, the tasks shown in
FIG. 5 need not be performed 1n the 1illustrated order, and
process 300 may be incorporated into a more comprehensive
procedure or process having additional functionality not
described 1n detail herein. For illustrative purposes, the fol-
lowing description of process 500 may refer to elements
mentioned above 1n connection with FIG. 2-4. In practical
embodiments, portions of process 500 may be performed by
different elements of a system 200-400, ¢.g., a life-optimal
power management module with a centrally located or dis-
tributed battery network system.

[0037] A life-optimal power management process 500 may
begin by obtaining functional first parameters (task 502)
indicative of functional criticality (1.e., relative importance of
powering) of each of the aircraft function. In practice, these
first parameters are obtained from a table look-up. The table
look-up may be stored 1n the power management module, a
computer on-board the aircraft, a computer in a remote loca-
tion from the aircraft, and the like. The first parameters may
be predetermined, may be updated 1n real time, or may be
forecast based on future tlight profile needs. The first param-
cters may be, without limitation, specific functions,
sequences of operation, and/or forecasted power require-
ments for operating each of the subsystems. For example, as
explained above, the aircrait subsystems include known and
predicted future loads such as, without limitation, standby
emergency loads, flight controls, emergency lighting, APU
starting, data and voice recorder system, and electric brakes.
The relative importance of powering each of these loads may
vary depending upon a required sequence ol operation to
complete certain flight plans (1.e., tlight operation require-
ments). For example, having enough battery power to start the
APU 1s important for dispatch operation, while providing
passenger reading lights may be of low priority relative to
other subsystems such as emergency lighting. In operation,
the power distribution module provides persistent power to
cach of the aircraft functions based on their level of criticality,
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so that each aircraft function has suificient power to support
completion of a sequence of operation. Generally the
sequence of operation may include, without limitation, non-
critical predictable loads (e.g., flight deck clock), critical
predictable loads (e.g., electrical brake systems), critical
unpredictable loads (e.g., engine fire detection), and non-
critical unpredictable loads (e.g., APU starting). The
sequence ol operation may be assessed by the pilot pera given
situation or may be predetermined based on a certain flight
plan/aircrait operation. For example, a sequence of operation
tor starting the aircraft engine may include: ignition for about
5 min, APU power start, fuel pump on, engine start up
sequences, etc. In this regard, process 500 determines a power
priority of each of the subsystems based on the first param-
cters (task 504 ), obtains information indicative of operational
status parameters of each battery such as capacity and health
of each battery (task 506) from the controller (as explained
below), and selectively distributes power from the batteries to
the subsystems based on the power priority and operational
status parameters (task 507).

[0038] o distribute power, process 500 then allocates bat-
teries (1.€., assign an individual battery to a given subsystem)
based on which, battery or batteries have suflicient charge/
capacity to supply power to the subsystems (task 508), and
tasks (1.e., command to provide power) the batteries to pro-
vide power to the subsystems based on the power priority of
the subsystems (task 510). For example, process 500 may
determine that dispatching 1s among the aircrait functions
with highest power priority. To dispatch the aircrait, a certain
battery power must be available to start the APU. In this
regard, power distribution module receives information
indicative of the capacity and health of each battery from the
controller, and allocates a battery or batteries in a battery
network system that has suflicient capacity to power the APU
start subsystem. The power distribution module then tasks the
battery or batteries by sending command signals to the battery
processor via a communication bus to request power for the
APU start subsystems.

[0039] Concurrently with distributing power, process 500
manages/controls the battery network system based on moni-
tored operating status parameters (second parameters) of the
batteries (task 512). The operating status parameters may
include, without limitation, charging/discharging voltage,
relative discharging rate (e.g., time, current state), and
remaining life of each of the batteries 1n the battery network
system. In this regard, process 300 monitors a number of
conditions 1including the potential, voltage, current, and tem-
perature of each battery to determine operating status param-
cters and health of the batteries (task 514). Based on the health
ol each battery, process 300 selectively charges/discharges
cach battery (task 516). Excessive number of charge/dis-
charge cycles, or mappropriate charge/discharge rate, may
reduce the usetul life of the batteries. In this regard, charging
takes place 1n response to acquired battery health informa-
tion. In other words, 11 voltage 1s low, then a battery should be
charged. If charging 1s needed, a charge request command
from the controller 1s 1ssued to the battery processor. In this
regard, lower battery failure rate 1s achieved since the battery
1s charged/discharged 1n an optimal manner. However, if a
battery fails, process 500 bypasses the defective battery
within the network in response to a bypass control signal from
the battery processor. In other words, the system will simply
“1gnore” or not consider the bypassed battery for purposes of
powering any of the loads.
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[0040] To determine whether the batteries have sufficient
capacity for aircrait operations, process 500 also computes
available energy/capacity (amp-hours) in each of the batteries
(task 518). This differs from conventional systems that
always assume that a particular capacity exists for each bat-
tery. In practice, task 518 1s performed by the controller, and
task 518 1s accomplished by monitoring temperature, battery
terminals voltage, cut off voltage, discharge rate (current in
reverse direction per unit of time), and discharge duty for each
battery and computing the capacity. As explained above,
health of the battery depends on the battery capacity relative
to 1t’s 1nitial specification. In this regard, process 500 deter-
mines available capacity in each battery by and computes a
percentage change relative to the mitial specification. The
maximum actual capacity capability (health) of a battery 1s
determined by measuring parameters such as voltage, cur-
rent, and temperature during charge and discharge cycles, and
comparing those measurements to data sets known to repre-
sent various levels of health. Total available capacity is then
computed by adding the available capacity for each of the
batteries.

[0041] Additionally, process 500 indicates the available
energy/total available energy (task 520) to a pilot or crew of
the aircraft so that, 1f necessary, a decision can be made by the
pilot or the crew of the aircrait regarding aircrait operations
(1.e., plan to operate according to the actual battery power
available). The indication may be 1n the form of a variable
number, or a graphical chart displayed on the cockpit instru-
mentation panels, or the like.

[0042] With this approach, since the performance and con-
dition of each battery in the battery network system 1s known,
the systems and method can provide life-optimal battery
usage, and persistent battery power supply in the event an
unexpected battery failure occurs. Accordingly, probability
of battery failure, cost of battery maintenance, and cost of
flight cancellation due unexpected battery failure may be
reduced.

[0043] While at least one example embodiment has been
presented 1n the foregoing detailed description, 1t should be
appreciated that a vast number of vanations exist. It should
also be appreciated that the example embodiment or embodi-
ments described herein are not itended to limit the scope,
applicability, or configuration of the disclosure in any way.
Rather, the foregoing detailed description will provide those
skilled 1n the art with a convenient road map for implementing
the described embodiment or embodiments. It should be
understood that various changes can be made 1n the function
and arrangement of elements without departing from the
scope of the disclosure, where the scope of the embodiments
of the disclosure 1s defined by the claims, which includes
known equivalents and foreseeable equivalents at the time of
filing this patent application.

What 1s claimed 1s:
1. A method for power management for an aircrait having
a plurality of subsystems and a plurality of electrical energy
storage devices, the method comprising;
determiming a power priority for each of the subsystems;
distributing power selectively from the electrical energy
storage devices to the subsystems based on the power
priority for each of the subsystems; and
controlling health of the electrical energy storage devices,
concurrently with selectively distributing power, based
on a plurality of operating status parameters of the elec-
trical energy storage devices.
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2. The method according to claim 1, wherein the power
priority 1s based on:

a specific function of each of the subsystems;

a sequence of operation of the subsystems; and

a forecasted power requirement for operating each of the
subsystems.

3. The method according claim 1, wherein the distributing
power selectively step further comprises:

allocating the electrical energy storage devices based on
their respective capability to supply power to the sub-
systems; and

providing power from the electrical energy storage devices
to the subsystems 1n response to the allocating step and
in response to the power priority for each of the sub-
systems.

4. The method according to claim 1, wherein the control-
ling step further comprises:

monitoring the operating status parameters of the electrical
energy storage devices;

charging/discharging selectively the electrical energy stor-
age devices based on the operating status parameters;

computing available energy in each of the electrical energy
storage devices based on the operating status parameters
to obtain a computed available energy; and

indicating the computed available energy.

5. The method according to claim 1, wherein the operating,
status parameters comprise:

a charging/discharging rate for each of the electrical energy
storage devices;

a relative discharging rate for each of the electrical energy
storage devices; and

a remaining life for each of the electrical energy storage
devices.

6. The method according to claim 1, wherein the electrical
energy storage devices are arranged 1n a distributed network
architecture.

7. The method according to claim 1, wherein the electrical
energy storage devices are arranged in a centrally located
network architecture.

8. A power management system for an aircraft having a
plurality of subsystems, the system comprising:

a plurality of electrical energy storage devices having asso-
ciated operating status parameters;

a power distribution module coupled to the electrical
energy storage devices, the power distribution module
being configured to:

determine a power priority for each of the subsystems;
and

selectively distribute power from the electrical energy
storage devices to the subsystems based on the power
priority for each of the subsystems; and

an energy source management module coupled to the elec-
trical energy storage devices, the energy source manage-
ment module being configured to manage health of the
clectrical energy storage devices based on the operating

status parameters of the electrical energy storage
devices.

9. The system according to claim 8, wherein the power
distribution module 1s further configured to:

allocate the electrical energy storage devices based on
which have sufficient capacity to supply power to the
subsystems; and

Dec. 11, 2008

provide power from the electrical energy storage devices to
the subsystems 1n response to the allocating step and 1n
response to the power priority for each of the sub-
systems.

10. The system according to claim 8, wherein the power

priority being based on:
a specific function of each of the subsystems;
a sequence of operation of the subsystems; and

a forecasted power requirement for operating each of the
subsystems.

11. The system according to claim 8, wherein the energy
source management module 1s further configured to:
monitor the operating status parameters of the electrical
energy storage devices;

selectively charge/discharge the electrical energy storage
devices based on the operating status parameters;

compute available energy in the electrical energy storage
devices based on the operating status parameters to
obtain a remaining energy; and

indicate the remaining energy.
12. The system according to claim 8, wherein the operating
status parameters comprise:
a charging/discharging rate for each of the electrical energy
storage devices;

a relative discharging rate for each of the electrical energy
storage devices; and

a remaining life for each of the electrical energy storage
devices.

13. The system according to claim 8, wherein the electrical
energy storage devices are arranged in a centrally located
network architecture.

14. The system according to claim 8, wherein the electrical

energy storage devices are arranged 1n a distributed network
architecture.

15. The system according to claim 8, wherein the electrical
energy storage devices comprise a plurality of batteries.

16. A method for power management for an aircrafit,
wherein the aircrait has subsystems and a plurality of batter-
ies coupled to the subsystems, the method comprising:

determiming a plurality of first parameters related to func-
tional criticality of the subsystems;

determining power priority of the subsystems, the power
priority being based on the first parameters;

selectively tasking the batteries to provide power to the
subsystems, the tasking being based on the power prior-
ity of the subsystems.

monitoring a plurality of second parameters related to
operating status of each of batteries;

charging/discharging selectively the batteries in response
to the second parameters;

computing, based on the second parameters, available
energy 1n the batteries; and

indicating the available energy.

17. The method according to claim 16, further comprising
allocating a battery to supply power to the subsystems based
on health and capacity of the battery.

18. The method according to claim 16, wherein the first
parameters indicate:

a specific function of each of the subsystems;
a sequence of operation of the subsystems; and

a forecasted power requirement for operating each of the
subsystems.
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19. The method according to claim 16, wherein the second a remaining life for each of the electrical energy storage
parameters mdicate: devices.
a charging/discharging rate for each of the electrical energy 20. The method according to claim 16, wherein the batter-
storage devices; 1es are arranged 1n a network architecture.

a relative discharging rate for each of the electrical energy
storage devices; and * & & k%
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